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CLAIMS 



1. lA. control device comprising: 
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a hoiking; 

a carrier coupled to said housing and operative to move with respect lo said 
housing in a first rotary degree of freedom; 

a first sen\or coupled to said carrier and operative to sense said movement of said 
carrier, said first seaisor outputting a first control signal; 



a roller rotat^bly coupled to said carrier such that said roller rotates with said 
carrier about said firist rotary degree of freedom, said roller operative to rotate with 
respect lo said carrier in a second rotary degree of freedom; and 



a second sensor coupled to said roller and operative to sense rotary motion of said 
roller in said second rotary degree of freedom, said second sensor outputting a second 
control signal. 



2. A control device as\ recited in claim 1 further comprising an arm member 
coupled between said carrier and\aid"hcmsing, said arm member rotatably coupled to said 
housing—wherein said first sensor senses rotation of said arm member. \ 

3. A control device as reciteUJfi claim 2 wherein said arm member is positioned 
in said housing and wherein said housing includes an aperture through which said carrier 
and said roller are accessible to a user oYsaid control device. 



4. A control device as recited in craim 2 further comprising a third sensor coupled 
to said housing, said third sensor detecting when said carrier has been pushed in a 
direction substantially orthogonal to a plane of rotation of said arm member. 

25 5. A control device as recited in claim \ wherein said roller is operative to rotate 

about an axis that is parallel to a plane of rotationW said ami member. 

6. A control device as recited in claim 5 wijerein said roller is a first roller, and 
further comprising: 
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\a second roller rotatably coupled to said carrier and operative to rotate with 
respcctV) said carrier independently of said first roller, 

a ll\ird sensor coupled to said third roller and operative to sense rotary motion of 
said third roller, said third sensor outpulting a third control signal. 

7. A control device as recited in claim 2 wherein said roller is a first roller, and 
further comprising a second roller rotatably coupled to said carrier and operative to rotate 
with respect to saiti carrier, and a belt coupled between said first roller and said second 
roller, said belt being, accessible to contact by said user. 

8. A control dV/ice as recited in claim 2 further comprising a rotating member 
coupled, to said housing and extending from a bottom plate of said housing, such that said 
rotating member contacts V flat surface and rotates when said control device is moved 
over said fiat surface. \ 

9. A control device asyecited in claim 1 wherein said carrier is coupled to said 
housing by contact bearings whrfch sit/rfTtracks on said housing and allow said carrier to 
move along said tracks. \ / ( ' 

10. A control device as rec^l/irclaim 1 wherein said roller is provided within 
an aperture of said carrier such that a\surface of said carrier surrounds all sides of said 
roller \ 

1 I . A control device as recited in ctaim 1 further comprising: 

a first actuator coupled to said arm member and operative to output a force on 
said carrier in said degree of freedom of said carrier; and 

a second actuator coupled to said roller and operative to output a force on sajd 
roller in said rotary degree of freedom. \ 

12. A control device as recited in claim 1 wherein said first sensor and said 
second sensor are optical sensors. \ 

13. A force feedback control device in communicatioli with a host computer, 
implementing a graphical environment, the force feedback control device comprising: 

a housing; 
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in arm rotatably coupled to said housing and operative to move with respect to 
said housing in a degree of freedom; 

a Irrst sensor coupled to said arm and operative to sense said movement of said 
arm, said first sensor oulputting a first control signal; 

a first -actuator coupled to said arm and operative to output a force to said arm in 
said degree of freedom, said first actuator being controlled by a first actuator signal; 

a roller rotatably coupled to said arm and operative to rotate with respect to said 
arm in a rotary degree of freedom; 

a second senson coupled to said roller and operative to sense rotary motion of said 
roller, said second sensor outputting a second control signal; and 

a second actuator ^coupled to said roller and operative to output a force to said 
roller in said rotary degree of freedom, said second actuator being controlled by a second 
actuator signal. 



14. A force feedback control device as recited in claim 13 wherein said arm 
member is positioned in said hc|usiffi^ and ^wherein said housing includes an aperture 
through which said roller is accesiil?ljeHQ34iser of said control device. 




15. A force feedback control device as recited in claim 13 further comprising a 
third sensor coupled to said housing, said third sensor detecting when said roller has been 
pushed in a direction substantially orthogonal to a plane of rotation of said arm member. 

16. A force feedback control device as recited in claim 13 wherein said roller is 
operative to rotate about an axis that is parallel to a plane of rotation of said arm member. 

17. A force feedback control device as recited in claim 13 wherein said first 
actuator is grounded to said housing and wherein said second actuator is carried by said 
arm member. 



18. A method for interfacing with an apparatus using signals provided by a 
control device, the method comprising: 

providing a first sensor signal from a first sensor to said apparatus, said first 
sensor signal being representative of a position of an arm in a first rotary degree of 
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freedom, \\herein said ami is moved in said first rotary degree of freedom by a finger of a 
user; and 

providing a second sensor signal from. a second sensor, said second sensor signal 
being representative of a position of a roller in a second rotary degree of freedom, said 
roller being rota\ably coupled to said arm, wherein said roller is rotated in said second 
rotary degree of freedom by said finger of said user. 



19. A method as recited in claim 18 further comprising receiving a force feedback 
signal from said apparatus and providing said force feedback signal to an actuator that is 
1 0 coupled to said roller, said force feedback signal being based at least in part on said first 
sensor signal and said second sensor signal. 

O 20. A method as reftited in claim 19 wherein said actuator is a first actuator and 

said force feedback signal \s a first force feedback signal, and further comprising 
%j receiving a second force feedBadT^ignal from said apparatus and providing said second 

a s» A I 

*U 15 force feedback signal to a second nQh^t(or that is coupled to said arm, said second force 

yi feedback signal being based at least in part on said first sensor signal and said second 
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sensor signal. 



7p 21. A method as recited irh claim 18 wherein said apparatus includes a host 

f 3 computer including a display screen, \\^ierein a user-controlled cursor is displayed on said 

20 display screen having a position determined by said first sensor signal and said second 

a sensor signal. 

22. A method as recited in claim 18 wherein said apparatus includes a host 
computer displaying a graphical environment including at least one graphical object and a 
user controlled cursor, wherein said cursor is displayed in said graphical environment at a 
25 position determined by said first sensor signal and said second sensor signal, and wherein 
said first and second force feedback signals are determined at least in part based on an 
interaction of said cursor with said graphical object. 
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